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A load balancing method and system is provided. When a
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station determines that the terminal is in a multi-band
covering section, load conditions of the bands in the section
are recorded; and when determining that a preset idle or
access or service state condition is met based on the recorded
load conditions of the bands in the section, the base station
performs load balancing control on the terminal. For the
terminal in the idle, access or service state, load balancing
for a multi-band network can be implemented.
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1
LOAD BALANCING METHOD AND SYSTEM
FOR MULTI-BAND NETWORK

TECHNICAL FIELD

The disclosure relates to Code Division Multiple Access
(CDMA) technologies, and in particular, to a load balancing
method and system for a multi-band network.

BACKGROUND

In a CDMA mobile communication system, available
frequency resources are divided into several bands and each
band is in turn divided into several frequency points. In the
system, each carrier frequency corresponds to a particular
band and frequency point. At the time when mobile com-
munication had not been fully developed, because of a small
number of users, usually a single band deployed by an
operator could meet communication requirements. How-
ever, since the single band could just provide a limited
capacity, as the number of users increases, the single band
cannot fully meet requirements of the users, the operator
must deploy more bands to accommodate more users.

In a multi-carrier mobile communication system, regard-
less of whether carrier frequencies belong to a same band,
load balance between the carrier frequencies must be con-
sidered. If traffic is concentrated in one or more of the carrier
frequencies, this will inevitably lead to heavier load on some
of'the carrier frequencies, which affects functionalities of the
service or quality of the communication, and even damages
devices, while idle carrier frequencies are not fully utilized,
resulting in a waste of resources.

In a CDMA system, a base station issues a CDMA
Channel List Message to terminals in an idle state. The
message contains information of some or all frequency
points in all carrier frequencies at a current band deployed
by the system. Each terminal calculates its own standby
frequency point by using a HASH algorithm based on its
International Mobile Subscriber Identification Number
(IMSI). The HASH algorithm can make the number of
standby terminals on each frequency point almost as same as
each other. Balancing among the numbers of standby ter-
minals in the idle state can bring an service state balancing
to a certain extent, and thus in the whole, the load on each
carrier band among a same band can be balanced substan-
tially.

However, this balancing method cannot be applied to a
network in which a plurality of bands are deployed, because
the CDMA channel list message does not carry band infor-
mation. The terminals perform the HASH algorithm just in
the band in which the CDMA channel list message is
received and on the frequency points listed in the message.
Therefore, there is no way to balance the loads among the
bands.

Chinese patent application No. 200710077248.8, entitled
C—trhab | SEMSY HABRRFNARE FEAES (Base Sta-
tion, Method and System for Adjusting Band Loads in
Multi-band Network)” proposes a method to solve the
problem of load imbalance among the bands. In the patent,
a global redirect message is used to adjust numbers of
standby terminals in various bands, in order to implement
inter-band load balance. However, this method also has the
following disadvantages: first, just a balancing method for
terminals in the idle state is provided, while balancing in
other states is not mentioned, and thus it is a limited method;
and second, the global redirect message depends merely on
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Access Overload Class of the terminal to determine the band
for the standby terminal, and thus only a single adjusting
approach is employed.

U.S. patent application No. US2007110021, entitled
“Method and system for directing a call for a mobile station
to a band class in a wireless communication network”
provides a method of adjusting band loads by assigning a
traffic channel across bands. When a terminal accesses the
network, if there is a heavy load in the accessed band, the
base station indicates the terminal to jump to another band
with lighter load to establish a call, such that the loads in
different bands can be adjusted. However, this method only
provides an inter-band balancing method for terminals in an
access state, but does not provide a balancing method in
other states, and thus also has a great limitation.

SUMMARY

In view of this, a load balancing method and system for
a multi-band network is provided, such that for the terminal
in the idle, access or service state, load balancing for a
multi-band network can be implemented.

The technical solutions according to the embodiments of
the disclosure are provided are as follows.

In an embodiment, a load balancing method and system is
provided, which includes when a terminal enters an idle,
access or service state, and a base station determines that the
terminal is in a multi-band covering section, recording load
conditions of the bands in the section; and when determining
that a preset idle or access or service state condition is met
based on the recorded load conditions of the bands in the
section, the base station performs load balancing control on
the terminal.

Preferably, the recorded load conditions of the bands in
the section comprises load conditions of source bands and
target bands on which load balancing control is performed.

Preferably, the load conditions of source bands comprises
at least instant load
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of'the source band B,,, where 1=a<N, N denotes a number of
bands deployed in the section and is a positive integer;
P, denotes a current forward transmit power at f,,;
P, denotes a rated forward transmit power atf,; f  is
a m” carrier frequency in B,, 1=m=M_; M, denotes the
number of carrier frequencies deployed in B,; the load

conditions of target bands comprises at least instant load
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_ m=1
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of the target bands B, where P, denotes a current
forward transmit power at f,,; P,,,”** denotes a rated for-
ward transmit power at f,; f, is a m® carrier frequency in

band B,, 1=m=M,; M, denotes a number of carrier frequen-
cies deployed in band B,, and is a positive integer.
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Preferably, in the case that the terminal enters the idle
state, when determining that the preset idle state condition is
met based on the recorded load conditions of the bands in the
section, performing, by the base station, load balancing
control on the terminal, comprises: when determining that
the source band is not as same as the target band, the instant
load of the source band is larger than a preset load threshold
of the source band, and the instant load of the target band is
smaller than a preset load threshold of the target band,
performing load balancing control on the terminal.

Preferably, the load threshold of the source band is larger
than the load threshold of the target band; and determining
that the source band is not as same as the target band
comprises: determining that the target band is B, based on
the source band B, where

1 = argminl;;
a

and when t=a, determining that the source band is not as
same as the target band.

Preferably, the preforming load balancing control on the
terminal comprises: transmitting, by the base station, a
service redirection message, which carries a list of carrier
frequencies of the source and target bands, to the terminal;
after receiving the service redirection message, sequentially
selecting each carrier frequency in the list, until successfully
entering a system at a selected carrier frequency.

Preferably, in the case that the terminal enters the access
state, when determining that the preset access state condition
is met based on the recorded load conditions of the bands in
the section, performing, by the base station, load balancing
control on the terminal, comprises: when the terminal has an
air interface version number larger than or equal to 8, the
terminal transmits an incall message with a ALT_BAND_
CLASS_SUP equal to 1 to the base station, the source band
is not as same as the target band, and both the source band
and the target band are deployed in the section, determining
whether the preset access condition is met; otherwise, per-
forming a first type of load balancing control; and the
determining whether the preset access condition is met
comprises: when the instant load of the source band is larger
than the preset load threshold of the source band, the instant
load of the target band is smaller than the preset load
threshold of the target band, determining that the preset
access state condition is met, and performing a second type
of load balancing control; otherwise, determining that the
preset access state condition is not met, and performing a
first type of load balancing control.

Preferably, the first type of load balancing control com-
prises: assigning a specific carrier frequency of the source
band to the terminal; and the second type of load balancing
control comprises: assigning a specific carrier frequency of
the target band to the terminal.

Preferably, the load threshold of the source band is larger
than the load threshold of the target band; and determining
that the source band is not as same as the target band
comprises: determining the target band as a band B, with a
smallest traffic amount during a specific statistical period;
and when t=a, determining that the source band is not as
same as the target band.

Preferably, the specific carrier frequency of the target
band is
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’ P
Jont » 0’ = argmin/pm;
m

the specific carrier frequency of the source band is

fo ! = avgmmindys Ly = Pin
ant > 10 = QUi Lom = o
is the instant load at f,,,; and

,oo Fan

am — Pmax

am

is the instant load at f,,.

Preferably, in the case that the terminal enters the service
state, when determining that the preset service state condi-
tion is met based on the recorded load conditions of the
bands in the section, performing, by the base station, load
balancing control on the terminal, comprises: when the
instant load of the source band is larger than the preset load
threshold of the source band, and a specific band set is not
empty, performing load balancing control on the terminal.

Preferably, the source band is a band B, in which the
terminal is located after a service switch; the specific band
set S_=S,NS,, where S, is a set of all bands the terminal
supports; S,={B,IL,<T;,}; and T, is the preset load thresh-
old of the target band.

Preferably, the preforming load balancing control on the
terminal comprises: selecting a band with a lowest load from
the specific band set as the target band; selecting a carrier
frequency with a lowest load in the target band as a target
carrier frequency; and notifying, in a handoff indication
message, the terminal to handoff to the target carrier fre-
quency.

In another embodiment, a load balancing system for a
multi-band network is provided, comprising an information
recording module, an information analysis module and a
load balancing control module, wherein the information
recording module is configured to record load conditions of
the bands in the section, when a terminal enters an idle,
access or service state, and determining that the terminal is
in a multi-band covering section; wherein the information
analysis module is configure to determine whether the
terminal is in a multi-band covering section when the
terminal enters the idle, access or service state, and notify
the information recording module if yes; and to notify the
load balancing control module to perform load balancing
control, when determining that a preset idle or access or
service state condition is met based on load conditions of the
bands in the section recorded by the information recording
module; and wherein the load balancing control module is
configured to perform load balancing control on the termi-
nal.

Preferably, the recorded load conditions of the bands in
the section comprises load conditions of source bands and
target bands on which load balancing control is performed;
the load conditions of source bands comprises at least instant
load of the source band; and the load conditions of target
bands comprises at least instant load of the target band.

Preferably, when the terminal enters the ide state, the
information recording module is further configured to notify
the load balancing control module to perform load balancing
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control, when determining that the source band is not as
same as the target band, the instant load of the source band
is larger than a preset load threshold of the source band, and
the instant load of the target band is smaller than a preset
load threshold of the target band; the load balancing control
module is further configured to transmit a service redirection
message, which carries a list of carrier frequencies of the
source and target bands, to the terminal, so that the terminal
sequentially selects each carrier frequency in the list until
successfully entering a system at a selected carrier fre-
quency.

Preferably, when the terminal enters the access state, the
information recording module is further configured to deter-
mine whether the preset access condition is met, when the
terminal has an air interface version number larger than or
equal to 8, the terminal transmits an incall message with a
ALT_BAND_CLASS_SUP equal to 1 to the base station,
the source band is not as same as the target band, and both
the source band and the target band are deployed in the
section; otherwise, notify the load balancing control module
to perform a first type of load balancing control; and the
information analysis module is further configured to deter-
mine that the preset access state condition is met when the
instant load of the source band is larger than the preset load
threshold of the source band, the instant load of the target
band is smaller than the preset load threshold of the target
band, and notify the load balancing control module to
perform a second type of load balancing control; otherwise,
determine that the preset access state condition is not met,
and notify the load balancing control module to perform a
first type of load balancing control. Accordingly, the load
balancing control module is further configured to perform
the first type of load balancing control by assigning a
specific carrier frequency of the source band to the terminal;
and perform the second type of load balancing control by
assigning a specific carrier frequency of the target band to
the terminal.

Preferably, when the terminal enters the service state, the
information recording module is further configured to notify
the load balancing control module to perform load balancing
control, when the instant load of the source band is larger
than the preset load threshold of the source band, and a
specific band; and accordingly, the load balancing control
module is further configured to perform the following:
selecting a band with a lowest load from the specific band set
as the target band; selecting a carrier frequency with a lowest
load in the target band as a target carrier frequency; and
notifying, in a handoff indication message, the terminal to
handoft to the target carrier frequency.

With the load balancing method and system for the
multi-band network according to the embodiments of the
disclosure, when a terminal enters an idle, access or service
state, and a base station determines that the terminal is in a
multi-band covering section, load conditions of the bands in
the section are recorded; and when determining that a preset
idle or access or service state condition is met based on the
recorded load conditions of the bands in the section, the base
station performs load balancing control on the terminal. For
the terminal in the idle, access or service state, load balanc-
ing for a multi-band network can be implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of a load balancing method for a
multi-band network according to an embodiment of the
disclosure; and
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FIG. 2 is a block diagram of a load balancing system for
a multi-band network according to an embodiment of the
disclosure.

DETAILED DESCRIPTION

Referring to FIG. 1, in an embodiment of the disclosure,
a load balancing method for a multi-band network is pro-
vided. The method includes the following steps.

At step 101, when a terminal enters an idle, access or
service state, and a base station determines that the terminal
is in a multi-band covering section, load conditions of the
bands in this section are recorded.

In this embodiment, the load conditions of the bands in
which the terminal is located refer mainly to load conditions
of source bands and target bands on which load balancing
control is performed. Preferably, the load conditions refer
mainly to instant loads of the source bands and target bands.

The conditions when the terminal enters the idle, access
or service state will be described briefly in the following.

1) the terminal is started and enters the idle state. When
a signal from the base station is searched out, the terminal
transmits a registration message to the base station. After
receiving the registration message from the terminal, the
base station determined whether the terminal is located in a
multi-band covering section; if yes, the base station records
the load conditions of the bands in the section in which the
terminal is located; otherwise, the base station does not
perform any load balancing processing as described in the
embodiment of the disclosure.

2) the terminal initiates an access, enters the access state,
and transmits a paging message to the base station. After
receiving the paging message from the terminal, the base
station determined whether the terminal is located in a
multi-band covering section; if yes, the base station records
the load conditions of the bands in the section in which the
terminal is located; otherwise, the base station does not
perform any load balancing processing as described in the
embodiment of the disclosure.

3) if a traffic channel switch occurs after the terminal
enters the service state, the base station determines whether
the terminal is switched from a single-band covering section
to a multi-band covering section; if yes, the base station
records the load conditions of the bands in the section in
which the terminal is located; otherwise, the base station
does not perform any load balancing processing as described
in the embodiment of the disclosure.

At step 102, when determining that a preset idle or access
or service state condition is met based on the recorded load
conditions of the bands in the section, the base station
performs load balancing control on the terminal.

In the case that the terminal enters the idle state,

when the source band is not as same as the target band, the
instant load of the source band is larger than a preset load
threshold of the source band, and the instant load of the
target band is smaller than a preset load threshold of the
target band, a load balancing control is performed on the
terminal.

Preferably, the performing of the load balancing control
on the terminal includes the following: the base station
transmits a traffic redirect message to the terminal, the
message containing the target band and a list of carrier
frequencies of the target band; the terminal receives the
traffic redirect message and selects each carrier frequency in
the carrier frequency list, until it successfully enters the
system.
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In the case that the terminal enters the access state, and the
base station determine that a preset access condition is met
based on the recorded load condition of the bands in the
section, performing load balancing control on the terminal
comprises:

when the terminal has an air interface version number
larger than or equal to 8, the terminal transmits an incall
message with a ALT_BAND_CLASS_SUP equal to 1 to the
base station, the source band is not as same as the target
band, and both the source band and the target band are
deployed in the section, determining whether the preset
access condition is met; otherwise, performing a first type of
load balancing control; and

the determining whether the preset access condition is met
comprises: when the instant load of the source band is larger
than the preset load threshold of the source band, the instant
load of the target band is smaller than the preset load
threshold of the target band, determining that the preset
access state condition is met, and performing a second type
of load balancing control; otherwise, determining that the
preset access state condition is not met, and performing a
first type of load balancing control.

Further, the first type of load balancing control comprises:
assigning a specific carrier frequency of the source band to
the terminal; and the second type of load balancing control
comprises: assigning a specific carrier frequency of the
target band to the terminal.

In the case that the terminal enters the service state, and
the base station determine that a preset service condition is
met based on the recorded load condition of the bands in the
section, performing load balancing control on the terminal
comprises:

when the instant load of the source band is larger than the
preset load threshold of the source band, and a specific band
set is not empty, performing load balancing control on the
terminal.

The performing load balancing control on the terminal
comprises: selecting a band with a lowest load from the
specific band set as the target band; selecting a carrier
frequency with a lowest load in the target band as a target
carrier frequency; and notifying, in a handoff indication
message, the terminal to handoff to the target carrier fre-
quency.

Hereinafter, specific embodiments are provided to illus-
trate the flow of load balancing in the three states. For
convenience of description, assumptions on the carrier fre-
quency deployments in the network and some indexes are
described.

1. setting the number of bands deployed in the network to
be N (i.e., the number of bands deployed in the section in
which the terminal is located), where the nth band is denoted
as B, (1=n=N), and N is a positive integer.

2. setting the number of carrier frequencies deployed in
the nth band to be M,,, where the mth carrier frequency in the
nth band is denoted as f,,, (1=m=M), the rated forward
transmit power at f,,, is denoted as P, ,”“*, and the current
forward transmit power at f,, is denoted as P, <.

3. defining the instant load at £, is 1,,,,,:
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4. defining the instant load at B,, is L,;:

n

In a first embodiment, when the terminal is in the idle
state, the load balancing process for the multi-band network
includes the following steps.

1. The terminal transmits a registration message to the
base station. At this time, the band in which the terminal is
located, i.e., the source band, is B, (1=a<N). After the base
station receives the registration message, it determines that
the base station is in a multi-band covering section, and
proceeds with the second step; otherwise does not perform
any processing.

2. The base station confirms that the last digit of the IMSI
(in a decimal format) of the terminal is z; if zeC, proceeds
with the third step; otherwise does not perform any process-
ing; where C is a parameter preset by the network manage-
ment system, is an integer set from 0 to 9, and defines a set
of terminals which are subjected to the idle state load
balancing.

3. The base station calculates the instant load

g5
<%
EH

3
l

=
i~
35

3
l

at B, and determines the target band
B{z = argminzg],

and then calculates the instant load

o
P

3

m=

4. When the base station determines that the idle state
conditions (all of the following three conditions) are met
based on the load condition of the band in the third step, the
base station proceeds with the fifth step; otherwise, does not
perform any processing.

Condition 1: t=a (i.e., the source band is not as same as the
target band)

Condition 2: L.,>T,,, T}, is a preset load threshold of the
source band (i.e., the instant load of the source band is larger
than a preset load threshold of the source band)

Condition 3: L <T,,, T,, is a preset load threshold of the
target band (i.e., the instant load of the target band is larger
than a preset load threshold of the target band); where T,
T,, is in a unit of percentage, and T,,>T .

5. The base station transmits a service redirection mes-
sage; the message carries the target band B,, the channel list
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is a list of carrier frequencies f,,, (1=m=M,) of B, and the
carrier frequencies in the list is sorted in an ascending order
of loads.

The service redirection message contains the following:

Subfield Length bits
BAND_ CLASS 5
EXPECTED_SID 15
EXPECTED_ NID 16
RESERVED 4
NUM_CHANS 4
NUM__CHANS occurrences of the following field:
CDMA__ CHAN 11
RESERVED 0-7 (as needed)

The field BAND_CLASS in the service redirection mes-
sage indicates the target band to which the terminal is
redirected (target band B, in this embodiment), and the
message carries several carrier frequencies in this band (the
number of frequencies is denoted by the field NUM_
CHANS and the frequency information is included in the list
CDMA_CHAN), which are 1,,, (f;, {, T3 - . . ;3,) in this
embodiment.

After the terminal receives the service redirection mes-
sage, it sequentially selects each carrier frequency from the
listed carrier frequencies f,;, £, f5 . . . £, in the target band
B, (sequentially selects each carrier frequency in an order
listed in the carrier frequency list), until entering the system
at a selected carrier frequency. For example, the base station
has already sorted the £, T5, T3 . . . 15, in an ascending order
of loads, and the terminal, according to an order of the
carrier frequencies appearing in the list, initially selects f,;
(with a lowest load, since the carrier frequencies are sorted
by the base station in an ascending order of loads); if the
terminal fails to enter the system at f,, it continues to select
f,,; if the terminal successfully enters the system at f,,, it
enters the standby state at B,.

Further, the base station may specify desired SID and NID
on the target band through the service redirection message,
or does not specify the SID and NID (in this case, the
SID/NID is equal to 0/65535); if an SID/NID of a system
that the terminal searches out at a certain carrier frequency
in the target band is not equal to the specified SID/NID
(except 0/65535), the terminal does not enter the system, i.e.,
the terminal does not perform handoff and considers that the
search is failed.

In a second embodiment, when the terminal is in the
access state, the load balancing process for the multi-band
network includes the following steps.

1. a preset parameter B, is set in the network management
system. B, is a band with a minimum traffic amount during
a certain statistical period, and is a constant value during the
statistical period;

For an expanded system parameter message issued at
carrier frequency f,,, if n=t, it is assumed that the field
ALT_BAND_CLASS in the expanded system parameter
message=B,, i.e., B, is the target band.

2. The terminal enters the access state from the standby
state, and transmits an incall message to the base station. At
this time, the terminal is located in a band B, (1=a<N), i.e.,
the source band. After receiving the incall message, if the
base station determines that the section in which the terminal
is located is a multi-band coverage section, proceeds with
the third step; otherwise, does not perform any processing.
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3. If the base station determines that all the four condi-
tions are met, the base station proceeds with the fourth step;
otherwise, proceeds with the fifth step (the first type of load
balancing control):

Condition 1: the terminal has an air interface version
number larger than or equal to 8;

Condition 2: an incall message has a field ALT_BAND_
CLASS_SUP equal to 1;

Condition 3: a=t (i.e., the source band is not as same as the
target band);

Condition 4: in addition to B,, B, is deployed in the
section which the terminal accesses.

4. The base station calculates [, and L if L,>T,, and
L,<T,,, performs the second type of load balancing control:
assigning the specific carrier frequency f,,,. of the target band
to the terminal; the terminal performs handoff to f,,,, and

establishes a traffic channel on f,,, where
per
m' = argmitlpm, lpm = —m;
S =

otherwise, proceeds with the fifth step (the first type of load
balancing control);

5. The first type of load balancing control: assigning the
specific carrier frequency f,,. of the source band to the
terminal; the terminal performs handoff to f,,,. and estab-
lishes a traffic channel on f,,,, where

peur

am

prax”

am

, .
m' = argminly, by =
m

T,, and T,, are load thresholds of the source and target
bands for load balancing in the access state, respectively, are
taken in percentage and T,,>T,,.

In a third embodiment, when the terminal is in the service
state, the load balancing process for the multi-band network
includes the following steps.

1. the terminal performs a handoff, (a service channel
handoff; in terms of coverage area, it means the handoff from
the single-band coverage area to the multi-band coverage
area), the terminal is in band B, after the handoff. In this
embodiment, B, is the source band.

2. If at least one in the active set of the terminals before
handoff is in a non multi-band coverage cell, and the active
set of the terminals after handoff are within a multi-band
coverage cell (i.e., the base station determines that the
terminal performs handoff from a single-band coverage area
to a multi-band coverage area), proceeds with the third step;
otherwise, does not perform any processing.

3. The base station transmits a state inquiry request
message to the terminal to inquire the bands the terminal
supports and waits for a response from the terminal; mean-
while, the base station calculates L ,, assuming that the set
Sb:{BalLa<T32}'

4. The terminal responds to the base station with a state
inquiry response, which contains all bands the terminal
supports, assuming that the set S_ is all bands the terminal
supports and S =S,MS,.

5.IfL_>T;,, and S_ 1s not empty, it proceeds with the six
step; otherwise, does not perform any processing.

6. The base station selects a band with a lowest load from
S, as the target band B,, selects a carrier frequency with a
lowest load in the target band B, as a target carrier frequency,
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and notifies, in a handoff direction message, the terminal to
handoft to the target carrier frequency.

T;, and T;, are parameters preset in the network man-
agement system, which are load thresholds of the source and
target bands for load balancing in the service state, respec-
tively, are taken in percentage and T;,>T;,.

For implementing the above method, as shown in FIG. 2,
in an embodiment, a load balancing system for a multi-band
network is provided, comprising an information recording
module 10, an information analysis module 20 and a load
balancing control module 30.

The information recording module 10 is configured to
record load conditions of the bands in the section, when a
terminal enters an idle, access or service state, and deter-
mining that the terminal is in a multi-band covering section.

The information analysis module 20 is configure to deter-
mine whether the terminal is in a multi-band covering
section when the terminal enters the idle, access or service
state, and notify the information recording module 10 if yes;
and to notify the load balancing control module 30 to
perform load balancing control, when determining that a
preset idle or access or service state condition is met based
on load conditions of the bands in the section recorded by
the information recording module; and

The load balancing control module 30 is configured to
perform load balancing control on the terminal.

The recorded load conditions of the bands in the section
comprises load conditions of source bands and target bands
on which load balancing control is performed. The load
conditions of source bands comprises at least instant load of
the source band; and the load conditions of target bands
comprises at least instant load of the target band.

When the terminal enters the idle state, the information
recording module 20 is further configured to notify the load
balancing control module 30 to perform load balancing
control, when determining that the source band is not as
same as the target band, the instant load of the source band
is larger than a preset load threshold of the source band, and
the instant load of the target band is smaller than a preset
load threshold of the target band; accordingly, the load
balancing control module is further configured to: transmit
a traffic redirection message, which carries a list of carrier
frequencies of the source and target bands, to the terminal,
so that the terminal sequentially selects each carrier fre-
quency in the list until successfully entering a system at a
selected carrier frequency.

When the terminal enters the access state, the information
recording module 20 is further configured to determine
whether the preset access condition is met, when the termi-
nal has an air interface version number larger than or equal
to 8, the terminal transmits an incall message with a ALT_
BAND_CLASS_SUP equal to 1 to the base station, the
source band is not as same as the target band, and both the
source band and the target band are deployed in the section;
otherwise, notify the load balancing control module to
perform a first type of load balancing control; and the
information analysis module 20 is further configured to
determine that the preset access state condition is met when
the instant load of the source band is larger than the preset
load threshold of the source band, the instant load of the
target band is smaller than the preset load threshold of the
target band, and notify the load balancing control module 30
to perform a second type of load balancing control; other-
wise, determine that the preset access state condition is not
met, and notify the load balancing control module 30 to
perform a first type of load balancing control. Accordingly,
the load balancing control module is further configured to:
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perform the first type of load balancing control by assigning
a specific carrier frequency of the source band to the
terminal; and perform the second type of load balancing
control by assigning a specific carrier frequency of the target
band to the terminal.

When the terminal enters the service state, the information
recording module 20 is further configured to notify the load
balancing control module 30 to perform load balancing
control, when the instant load of the source band is larger
than the preset load threshold of the source band, and a
specific band; and accordingly, the load balancing control
module 30 is further configured to perform the following:
selecting a band with a lowest load from the specific band set
as the target band; selecting a carrier frequency with a lowest
load in the target band as a target carrier frequency; and
notifying, in a handoff indication message, the terminal to
handoff to the target carrier frequency.

The above description is just preferred embodiments of
the disclosure and is not intended to limit the scope of the
disclosure.

The invention claimed is:
1. A load balancing method for a multi-band network,
comprising:

when a terminal enters an idle, access or service state, and
a base station determines that the terminal is in a
multi-band covering section, recording load conditions
of the bands in the section, wherein the recorded load
conditions of the bands in the section comprises load
conditions of source bands and target bands on which
load balancing control is performed; and

when determining that a preset idle or access or service
state condition is met based on the recorded load
conditions of the bands in the section, performing, by
the base station, load balancing control on the terminal;

wherein in the case that the terminal enters the idle state,
when determining that the preset idle state condition is
met based on the recorded load conditions of the bands
in the section, performing, by the base station, load
balancing control on the terminal, comprises:

when determining that the source band is not as same as
the target band, the instant load of the source band is
larger than a preset load threshold of the source band,
and the instant load of the target band is smaller than a
preset load threshold of the target band, performing
load balancing control on the terminal;

wherein in the case that the terminal enters the access
state, when determining that the preset access state
condition is met based on the recorded load conditions
of the bands in the section, performing, by the base
station, load balancing control on the terminal, com-
prises:

when the terminal has an air interface version number
larger than or equal to 8, the terminal transmits an incall
message with a ALT_BAND_CLASS_SUP equal to 1
to the base station, the source band is not as same as the
target band, and both the source band and the target
band are deployed in the section, determining whether
the preset access condition is met; otherwise, perform-
ing a first type of load balancing control; and

wherein the determining whether the preset access con-
dition is met comprises: when the instant load of the
source band is larger than the preset load threshold of
the source band, the instant load of the target band is
smaller than the preset load threshold of the target
band, determining that the preset access state condition
is met, and performing a second type of load balancing
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control; otherwise, determining that the preset access
state condition is not met, and performing a first type of
load balancing control;

wherein in the case that the terminal enters the service
state, when determining that the preset service state
condition is met based on the recorded load conditions
of the bands in the section, performing, by the base
station, load balancing control on the terminal, com-
prises:

when the instant load of the source band is larger than the
preset load threshold of the source band, and a specific
band set is not empty, performing load balancing con-
trol on the terminal.

2. The load balancing method for the multi-band network

according to claim 1, wherein

the load conditions of source bands comprises at least

instant load

Ma
ur
n
m=1
L=
Ma
Pmax

am

3
T

of the source bands B,, where 1=a<N, N denotes a
number of bands deployed in the section and is a
positive integer; P, " denotes a current forward trans-
mit power at f,; P, denotes a rated forward

am?
transmit power at f_; £ is a m” carrier frequency in

B,, 1=m=M_; M, denotes a number of carrier frequen-
cies deployed in B,;

the load conditions of target bands comprises at least
instant load

=

3
l
g

E

pox

3
l
3

of the target bands B,, where P,, ™" denotes a current
forward transmit power at f,,,; P,,/””“* denotes a rated
forward transmit power at f,; f,, is a m? carrier
frequency in band B,, 1=m=M; M, denotes a number of
carrier frequencies deployed in band B, and is a
positive integer.
3. The load balancing method for the multi-band network
according to claim 1, wherein
the load threshold of the source band is larger than the
load threshold of the target band; and
determining that the source band is not as same as the
target band comprises:
determining that the target band hen is B, based on the
source band B,, where

r=argminl;;
a

and when t=a, determining that the source band is not as
same as the target band.

4. The load balancing method for the multi-band network
according to claim 1, wherein the preforming load balancing
control on the terminal comprises:
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transmitting, by the base station, a traffic redirection
message, which carries a list of carrier frequencies of
the source and target bands, to the terminal;
after receiving the traffic redirection message, sequen-
tially selecting each carrier frequency in the list, until
successfully entering a system at a selected carrier
frequency.
5. The load balancing method for the multi-band network
according to claim 1, wherein
The first type of load balancing control comprises: assign-
ing a specific carrier frequency of the source band to the
terminal; and
The second type of load balancing control comprises:
assigning a specific carrier frequency of the target band
to the terminal.
6. The load balancing method for the multi-band network
according to claim 1, wherein
the load threshold of the source band is larger than the
load threshold of the target band; and
determining that the source band is not as same as the
target band comprises:
determining the target band as a band B, with a smallest
traffic amount during a specific statistical period; and when
t=a, determining that the source band is not as same as the
target band.
7. The load balancing method for the multi-band network
according to claim 5, wherein
the specific carrier frequency of the target band is f,

tm"

m’ = argmin/,,;

m

the specific carrier frequency of the source band is {

am”

ur
tm

=
P

’ 3 . —
m’ = argmitdgm; b =
m

is the instant load at f, ; and

o

peur

am

prmax

am

lam =

is the instant load at .

8. The load balancing method for the multi-band network
according to claim 1, wherein the source band is a band B,
in which the terminal is located after a service switch;

the specific band set S_=S,MS,, where S, is a set of all

bands the terminal supports; S,={B,IL<T;,}; and T5,
is the preset load threshold of the target band.

9. The load balancing method for the multi-band network
according to claim 8, wherein the performing load balancing
control on the terminal comprises:

selecting a band with a lowest load from the specific band

set as the target band; selecting a carrier frequency with
a lowest load in the target band as a target carrier
frequency; and notifying, in a handoff indication mes-
sage, the terminal to handoff to the target carrier
frequency.

10. A load balancing system for a multi-band network,
comprising an information recording module, an informa-
tion analysis module and a load balancing control module,
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wherein the information recording module is configured 12. The load balancing system for the multi-band network
to record load conditions of the bands in the section, according to claim 11, wherein
when a terminal enters an idle, access or service state,
and determining that the terminal is in a multi-band
covering section, wherein the recorded load conditions
of'the bands in the section comprises load conditions of
source bands and target bands on which load balancing
control is performed, and wherein the load conditions
of source bands comprises at least instant load of the
source band, and the load conditions of target bands 10
comprises at least instant load of the target band;

wherein the information analysis module is configure to
determine whether the terminal is in a multi-band
covering section when the terminal enters the idle,

when the terminal enters the idle state,

the load balancing control module is further configured to
transmit a traffic redirection message, which carries a
list of carrier frequencies of the source and target
bands, to the terminal, so that the terminal sequentially
selects each carrier frequency in the list until success-
fully entering a system at a selected carrier frequency.

13. The load balancing system for the multi-band network
according to claim 11, wherein

when the terminal enters the access state,
the load balancing control module is further configured to

access or service state, and notify the information
recording module if yes; and to notify the load balanc-
ing control module to perform load balancing control,
when determining that a preset idle or access or service
state condition is met based on load conditions of the

perform the first type of load balancing control by
assigning a specific carrier frequency of the source
band to the terminal; and perform the second type of
load balancing control by assigning a specific carrier
frequency of the target band to the terminal.

bands in the section recorded by the information 20
recording module; and
wherein the load balancing control module is configured
to perform load balancing control on the terminal;
wherein when the terminal enters the idle state, the
information recording module is further configured to 25
notify the load balancing control module to perform
load balancing control, when determining that the
source band is not as same as the target band, the instant
load of the source band is larger than a preset load
threshold of the source band, and the instant load of the 30
target band is smaller than a preset load threshold of the
target band;
when the terminal enters the access state, the information
recording module is further configured to determine
whether the preset access condition is met, when the 35
terminal has an air interface version number larger than
or equal to 8, the terminal transmits an incall message
with a ALT_BAND_CLASS_SUP equal to 1 to the
base station, the source band is not as same as the target
band, and both the source band and the target band are 40
deployed in the section; otherwise, notify the load
balancing control module to perform a first type of load
balancing control; and the information analysis module
is further configured to determine that the preset access
state condition is met when the instant load of the 45
source band is larger than the preset load threshold of
the source band, the instant load of the target band is
smaller than the preset load threshold of the target
band, and notify the load balancing control module to
perform a second type of load balancing control; oth- 50
erwise, determine that the preset access state condition
is not met, and notify the load balancing control module
to perform a first type of load balancing control; , ) P
when the terminal enters the service state, the information "= arg,im W ln = prax
recording module is further configured to notify the 55
load balancing control module to perform load balanc-
ing control, when the instant load of the source band is is the instant load at £, ; and
larger than the preset load threshold of the source band,
and a specific band.

14. The load balancing system for the multi-band network
according to claim 11, wherein

when the terminal enters the service state,

the load balancing control module is further configured to

perform the following: selecting a band with a lowest
load from the specific band set as the target band;
selecting a carrier frequency with a lowest load in the
target band as a target carrier frequency; and notifying,
in a handoff indication message, the terminal to handoff
to the target carrier frequency.

15. The load balancing method for the multi-band net-
work according to claim 3, wherein the preforming load
balancing control on the terminal comprises:

transmitting, by the base station, a traffic redirection

message, which carries a list of carrier frequencies of
the source and target bands, to the terminal;

after receiving the traffic redirection message, sequen-

tially selecting each carrier frequency in the list, until
successfully entering a system at a selected carrier
frequency.

16. The load balancing method for the multi-band net-
work according to claim 6, wherein

the specific carrier frequency of the target band is {f,,,

m’ = argmin/p,;
n

the specific carrier frequency of the source band is f,

am”

11. The load balancing system for the multi-band network 60 P
according to claim 10, wherein Par

the load conditions of source bands comprises at least
instant load of the source band; and the load conditions
of target bands comprises at least instant load of the
target band. L

is the instant load at .



